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POLARIZATION DIVERSITY DOUBLE RESONATOR CHANNEL-DROPPING 

FILTER 


FIELD OF THE INVENTION 

The present invention is directed to polarization independent optical filters. 

BACKGROUND OF THE INVENTION 

Optical signal transmission encounters problems similar to those found in electrical 
networks, and also encounters problems unique to optical networks. For example, both 
electrical and optical networks must handle ever-increasing amounts of data (e.g., voice, 
video, audio, text, graphics, etc.). For optical networks, various multiplexing schemes are 
employed (e.g., wave division multiplexing (WDM), dense WDM, and ultra-dense WDM) to 
increase transmission bandwidth by simultaneously transmitting data from a plurality of 
sources to a plurality of destinations over a single optical medium such as, for example, a 
fiber-optic cable or waveguide. Obviously, the data from the plurality of sources is not 
intended for the same destination and it is necessary to selectively switch and route the 
various data to its intended destination using filters, switches, couplers, routers, etc. 

An optical signal typically comprises a plurality of wavelengths, with each wavelength 
representing data from a different source. An optical network must be able to direct each 
wavelength (i.e., each separate data source), separate from the other wavelengths, over 
various paths in the network. Switching/filtermg not only facilitates routing of a desired 
wavelength to its intended destination, it also facilitates re-routing in the case of network 
failure (e.g., fiber-optical cable breakage), or to alleviate network congestion, as two 
examples. As the need for bandwidth continues to increase (whether for optical or electrical 
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networks), so too does the need to distinguish the various signals being simultaneously 
transmitted. 

Unique to optical transmission are the polarization modes of an optical signal. A 
single optical signal may have both transverse electric (TE) and transverse magnetic (TM) 
modes, each propagating through the optical components of the network at different speeds 
and generally experiencing slightly different conditions. A WDM signal, for example, is 
randomly polarized, with each wavelength having a different, independent polarization. 
Optical fiber, for example, has a small birefringence such that, after propagating through any 
substantial length of fiber, the optical signal arriving at the end of the fiber will have a 
random, unpredictable polarization different from that at the input end of the fiber. Thus, any 
subsequent optical component into which the optical signal is coupled must not differentiate 
between the different polarizations if the optical network is to be transparent to polarization. 
It is thus desirable to provide an optical system, component, and/or device that is essentially 
polarization independent and that enables transmission of a randomly polarized multi- 
wavelength optical signal. 

It is desirable that optical networks (and the systems and components that make up the 
networks) be capable of handling both polarization modes. 

It is thus desirable to provide an optical a system, component, and/or device that is 
essentially polarization independent and that enables transmission of a polarized multi- 
wavelength optical signal. 

SUMMARY OF THE INVENTION 

The present invention is directed to a polarization independent, channel-dropping 
optical filter comprised of two complementary filtering elements: one tuned for TE 
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polarization mode and the other for TM polarization mode. The filtering elements are 
preferably tuned to the same predetermined wavelength so that a specific wavelength may be 
separated (i.e., filtered) from a randomly polarized wavelength division multiplexed (WDM) 
optical signal. The filtering elements also preferably have the same peak transmission 
characteristics. The present invention also advantageously filters both polarization modes of 
the desired wavelength. The filter further comprises input and output waveguides which 
strongly confine and guide a polarized multi-wavelength optical signal. Each waveguide is 
separated from the filtering elements by a gap over which the optical signal may be coupled to 
and from the filtering elements. 

The filtering elements preferably comprise a micro-ring or circular disk resonator, or a 
non-circular micro-ring resonator with substantially straight sections that define a coupler 
length that facilitates light transfer between the waveguides and resonators. The resonators of 
the inventive filter preferably satisfy the following requirements: one resonator couples only 
TE polarization mode and the other couples only TM polarization mode; the resonators are 
tuned to the same resonance wavelengths for both TE and TM polarization modes; and the 
resonators have the same transfer characteristics for both TE and TM polarization modes. 

The resonators are preferably photonic-well or photonic-wire waveguides that strongly 
confine (e.g., a the planar direction) and guide light. The strong confinement characteristics 
make it possible to construct resonators having relatively small bend radii (e.g., on the order 
of approximately 10 microns). 

The evanescent coupling between the straight waveguides and the resonator is 
dependent on the gap size, the waveguide width, and the material indices inside and outside 
the waveguides. For better control of the coupling, a race-track shaped resonator may be 
used, i.e., one with substantially straight coupling sections having a pre-determined length 
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and that are disposed in substantially parallel relation with the input and output waveguides. 
With proper choice of the gap size and waveguide width, for example, it is possible to design 
the resonator to be favorable for either TE or TM modes. The exact coupling factor will then 
be determined by the length of the straight coupling section. 
5 Preferably, the filter is constructed having the following parameters: a gap is defined 

between the input waveguide and resonators, and between the resonators and output 
waveguide that has a width which is less than .5 yim; the width of the waveguides (including 
the waveguides of the resonators) is less than 1 |om; the coupler length is less than 50 |nm; and 
the ratio of the index of refraction inside the waveguides to the index of refraction of the 
1 0 medium (e.g. air) in the gap between the waveguides is greater than 1 .5. 

- The operation of the filter is affected by the polarization of the light signal. For TE 
mode signals, it is preferred that the width of the waveguides be less than .25 jam. As for TM 
mode signals, it is preferred that the width of the waveguides be greater than .35 ^m. 

The relationship between the waveguide width and gap width and their effect on 

15 polarization is discussed in detail in co-pending patent application serial number / 

entitled Nanophotonic Directional Coupler Device, the entire content and disclosure of which 
is hereby incorporated by reference. 

It is preferred that symmetry be achieved in the filter design and construction. 
Specifically, the waveguides are similarly or substantially similarly formed (e.g., materials, 
20 dimensioning, etc.) to enable efficient transfer of the light signal between the input/output 
waveguides and the resonators. 

Thus, the present invention is directed to a novel optical filter comprised of 
polarization dependent components to provide a polarization independent device. 
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The invention accordingly comprises the features of construction, combination of 
elements, and arrangement of parts which will be exemplified in the disclosure herein, and 
the scope of the invention will be indicated in the claims. 


BRIEF DESCRIPTION OF THE DRAWTNOS 

ha the drawing figures, which are not to scale, and which are merely illustrative, and 
wherein like reference characters denote similar elements throughout the several views: 

FIG. 1 is a schematic view of a prior art channel-dropping filter having input and 
output waveguides coupled to a single micro-ring resonator; 

FIG. 2 is a schematic view of a polarization independent channel-dropping filter 
having two wavelength and polarization-tuned micro-ring resonators and constructed in 
accordance with the present invention; 

FIG. 3 is a schematic view of a multi-stage polarization independent channel-dropping 

filter constructed in accordance with the present invention; 

FIG. 4 is a cross-sectional view taken along the line 4-4 of FIG. 2; and 

FIG. 5 is a graph depicting the relationship between coupler length and gap size at 

various waveguide widths for both TE and TM polarization modes. 


DETAILED DESCRIPTIO N OF THE PRESENT! ,V PREFERRED EMBODIMENTS 

The present invention is directed to a polarization independent channel-dropping 
optical filter comprised of two complementary filtering elements; one tuned to TE 
polarization and the other to TM polarization. The filtering elements are also preferably 
tuned to the same predetermined wavelength so that both polarization modes of a specific 
wavelength may be separated (i.e., filtered) from a randomly polarized wavelength division 
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multiplexed (WDM) optical signal. The filter further comprises input and output waveguides 
which strongly confine and guide a polarized multi-wavelength optical signal. Each 
waveguide is separated from the filtering elements by a gap over which the optical signal may 
be coupled to and from the filtering elements. 

Referring first to FIG. 1, the general operation of a channel-dropping filter, designated 
generally as 50, will now be discussed. Channel-dropping filters include a resonator 20 tuned 
or tunable to a particular wavelength. When a multi-wavelength optical signal such as, for 
example, a wave-division multiplexed (WDM) signal, propagates in (i.e., is guided by) the 
input waveguide 10, a portion of that signal (in terms of optical power but including all 
wavelengths of the signal) is coupled from waveguide 10 into the resonator 20. The 
wavelength of the coupled signal that is on-resonance with the wavelength to which the 
resonator 20 is tuned constructively interferes within the resonator 20, while off-resonance 
wavelengths destructively interfere and eventually attenuate. An optical signal having only 
the on-resonance wavelength is coupled from the resonator 20 to the output waveguide 30, 
and exits the filter 50 as a transmission signal T. A residual part (i.e., that part not coupled 
from the input waveguide 10 to the resonator 20) of the optical signal from the optical source 
100 exits the filter from the input waveguide 10 as a reflection signal R. The resonator 20 
may be fixedly tuned to a particular wavelength by virtue of its design and construction. 
Alternatively, the resonator 20 may be selectively tuned by application of an electrical signal 
or field and due to the electro-optic effect, which refers to a change in the refractive index of 
a material under the influence of an electrical signal or field. 

The filter 50 depicted in FIG. 1 is polarization dependent and can only effectively 
transmit one of the two polarization modes. Thus, light may be transmitted for one 
polarization mode, yet attenuated for the other polarization mode. This is clearly undesirable 
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for optical communications where an optical signal may shift between polarization mode as 
the signal propagates through the waveguide (or optical fiber, as the case may be). 

The present invention provides a novel solution to address polarization in an optical 
signal that overcomes the shortcomings of the prior art. Optical communication systems and 
5 components may now be constructed that are polarization independent by utilizing 
complementary polarization dependent components (one tuned to each polarization mode). 
Unless otherwise stated, the input waveguide, resonators (actually constructed as a continuous 
waveguide having generally parallel straight sections (coupler lengths) joined by 
longitudinally disposed arcuate sections), and output waveguide are similarly, if not 
10 identically, constructed. Thus, discussion of the construction, material, dimensions, 
operation, etc., of one waveguide shall apply to the other waveguides, unless the contrary is 
stated. Similarly, discussion of the operation of the input waveguide 60 (see, e.g., FIG. 2) 
shall apply to the output waveguide 90, unless stated otherwise. 

Referring next to FIG. 2, a polarization independent channel-dropping filter 150 
1 5 constructed in accordance with an embodiment of the present invention is there depicted. An 
optical source 100, which may be a laser, fiber-optic cable, waveguide, or other light 
generating or propagating device, provides a multi-wavelength optical signal input (e.g., 
WDM, DWDM, UDWM signal, or the like) to the input waveguide 60. The input waveguide 
60 may be either a photonic-well or a photonic-wire construction, such as those disclosed in 
20 U.S. Patent Nos. 5,790,583 and 5,878,070, respectively, the entire contents and disclosures of 
which are hereby incorporated in their respective entireties. A cross-section of the 
waveguides and resonators are is depicted in FIG. 4 and discussed in more detail below. 

The primary difference between the photonic-well and photonic-wire construction is 
the refractive index of the semiconductor material above and below the core 62 (see, e.g., 
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FIG. 4). In a photonic-well construction, the core 62 is surrounded by upper and lower 
cladding layers 66, 64 of relatively low (with respect to the refractive index of the core 
material) refractive index material; the lower cladding layer 64 being disposed on a substrate 
68. In a photonic-wire construction, the core 62 is surrounded by upper and lower cladding 
5 layers 66, 64 of relatively low refractive index material. Both constructions have relatively 
low refractive index material 110 laterally surrounding the waveguide 60 and disposed in the 
gap g between the waveguides 60, 90 and resonators 70, 80. The construction of the output 
waveguide 90 and resonators 70, 80 (170 and 180 in FIG. 3) are substantially, if not 
identically, the same as just described. 
10 The index of refraction inside the waveguide n wg refers to the index of refraction of 

the core 62 material. The core 62 may be formed from Gallium Arsenide or Indium 
Phosphide; both these materials have an index of refraction that is approximately 3.5. For a 
photonic-well construction, the upper and lower cladding layers 66, 64 are preferably 
constructed of a material having a relatively high refractive index, when compared with the 

15 refractive index of the core 62. Thus, strong photon confinement is provided only laterally of 
the waveguide by the relatively low refractive index material 110 provided in the gap g and 
otherwise around the waveguide (see, e.g., FIG. 2). For a photonic-wire construction, the 
upper and lower cladding layers 66, 64 are preferably constructed of a material having a 
relatively low refractive index, when compared with the refractive index of the core 62. 

20 Thus, strong photon confinement is provided on all sides of the waveguide. Additionally, the 
index of refraction ng refers to the index of refraction of a medium that is disposed in the gap 

g. Most typically, the medium will be air, having an index of refraction of 1.0. However, 
other insulative mediums can be used. 
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With continued reference to FIG. 2, first and second resonators 70, 80 may be 
constructed as either photonic-well or photonic-wire waveguides. Since the resonators 70, 80 
are nearly identical (different waveguide and gap widths providing either TE or TM 
coupling), the following discussion is directed to the first resonator 70, it being understood 
that such discussion applies equally to the second resonator 80, with the exception of the 
different dimensions for the waveguide and gap width. The resonator 70 includes 
substantially straight input and output sections 72, 74 which respectively define a 
substantially constant gap g between the input waveguide 60 and output waveguide 90, and 
the resonator 70. As s result, input and output sections 72, 74 thus define a coupler length L, 
which is the length of optical path along which coupling occurs (from the input waveguide to 
the resonator, and to the output waveguide). 

The filter 50 is preferably formed within the following dimensional parameters (see, 
e.g., FIG. 4): a gap g between the resonator 70 and each of the input waveguide 60 and the 
output waveguide 90 of less than approximately .5 urn; a waveguide width w for each of the 
input, output, and resonators of less than approximately 1 um; a coupler length L of less than 
approximately 50 um; and, a ratio of the index of refraction of the core 62 to the index of 
refraction of a medium 110 surrounding the waveguide (i.e., in the gaps) which is preferably 
greater than 1.5. Preferably, one resonator has a waveguide width wj of less than .25 urn for 
TE mode coupling, and the other resonator has a waveguide width w 2 of greater than .35 um 
for TM mode coupling, as depicted in FIG. 4. The width of the waveguide 60 will 
corresponding generally to the width of the resonator 70, 80. Thus, where a resonator width 
wi (see, e.g., FIG. 4) is less than .25 um, the waveguide width will be approximately the 
same. Likewise, where the resonator width is greater than .35 um the waveguide width will 
be approximately the same. The width of the input waveguide 60 thus tapers from less than 
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approximately .25 \xm to greater than approximately .35 pm, at least in between the 
resonators 70, 80. 

It is also preferred that symmetry be achieved in the filter 50 design and construction. 
Specifically, the waveguides 60, 90, and the resonators 70, 80 are similarly or substantially 
5 similarly formed (e.g., materials, dimensioning, etc., and with the exception of the resonator 
width) to enable efficient transfer of the light signal (also referred to herein as an optical 
signal). 

As with all optical devices, operation of the channel-dropping filter 50 of the present 
invention is affected by the polarization of the light signal propagating within (through) the 

10 various waveguides of the device. For transverse electric (TE) mode signals, it is preferred 
that the width wi (see, e.g., FIG. 4) of one resonator waveguide be less than .25 jutm. As for 
transverse magnetic (TM) mode signals, it is preferred that the width w 2 of one resonator 
waveguide be greater than .35 |im. If a filter 50 is designed to accommodate a light signal of 
a certain polarization, it may not operate efficiently with a signal of a different polarization. 

15 For example, if a filter is designed specifically to accommodate a TE mode light signal (i.e., 
constructed with waveguides less than .25 \xm wide), a TM mode signal will pass through the 
filter 50 with little or no transfer of signal between the input waveguide 60 and resonator. 

By using two differently constructed resonators 70, 80, the present invention 
eliminates any concern for the polarization of the light signal, and provides efficient signal 

20 transfer from the input waveguide 60 to the output waveguide 90, via the resonators 70, 80, 
regardless of the polarization of the optical signal and further regardless of whether the 
optical signal contains both TE and TM polarization modes. The present invention thus 
provides a polarization independent channel-dropping filter by using pairs of polarized 
resonators. 
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The above-described dimensions of the waveguides may be calculated using the 
following formulas. 

GAP WIDTH 

It is preferred that the gap width g between the input waveguide 60, and straight 
section 72, 82 (and between output waveguide 90 and straight sections 74, 84) of the 
resonators 70, 80 be less than .5 um, and maybe calculated as follows: 


g< 


where, X is the wavelength of the light signal in free space, n wg is the index of refraction 
1 0 inside the waveguide; and n g is the index of refraction in the gap 
WAVEGUIDE WIDTH 

The waveguides each have a width w that is preferably less than 1 um, and may be 
calculated using the following equation: 

w<Vn wg (2) 
1 5 For TE mode signals, the waveguide width is preferably less than .25 um, and for TM 

mode signals, greater than .35 um. Additionally, if the waveguides are photonic-wire 
construction, then the height h of the core 62 (see, e.g., FIG. 4)) is also preferably made equal 
between the input waveguide 60 and input straight sections 72, 82, and between the output 
waveguide 90 and output straight sections 74, 84. It is also preferred that for photonic-wire 
20 waveguides, the width w be equal to the height h. 
COUPLER LENGTH ( T .) 
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As discussed above, the straight sections 72, 82 and 74, 84 of the resonators 70, 80 
define a respective coupler length L that are preferably equal to each other. In a preferred 
embodiment, the coupler length L is less than 50 fim. 

The coupling factor is dependent on several factors including the gap widths, the 
5 coupler lengths, the waveguide widths, the indices of refraction, the polarization of the light 
being transferred, and the wavelength of die light. With the subject invention, the gap widths 
can be made larger than that disclosed in the prior art resonators, with longer coupler lengths 
being used to achieve the same coupling factor as with a circular resonator, for example. The 
increase in gap widths causes a drop in coupling factor, wherein, an increase in coupler length 

10 causes an increase in coupling factor. With the subject invention, by increasing the coupler 
length, an increase in coupling factor is achieved that is at least commensurate with the drop 
hi the coupling factor caused by the increase in the gap width. The net effect is to produce a 
resonator that is easier to manufacture, because of the more generous gap width than that in 
the prior art, without any sacrifice in performance. Additionally, the coupler lengths can be 

15 easily changed since the length of the straight sections may be increased as needed to achieve 
the desired coupling factor. However, such an increase would require a corresponding change 
in the dimensions (i.e., radius) of the arcuate sections so as to preserve the round-trip optical 
path length. In this manner, resonators with generally the same overall width (as measured 
between the straight portions) can operate with different coupling factors. In contrast, prior 

20 art resonators, including circular and elliptical resonators, require changes in curvature, gap 
widths, etc., to achieve changes in coupling factor - which is difficult to realize. 

As discussed above, light signals have either a TM polarization or a TE polarization. 
As a result, signals of different polarizations behave differently and have different transfer 
characteristics within a waveguide. For example, the effective indices of refraction N s and 


NSDOCID: <WO 0122139A1 JA> 


WO 01/022139 

PCT/US00/26003 

N A are respectively generally different for TE and TM signals. To take polarization into 
consideration, a TM specific waveguide is preferably designed with the additional limitation 
that the waveguide width w is greater than .35 Mm. In contrast, a TE specific waveguide is 
preferably designed with the additional limitation that the waveguide width w is less than .25 
um. It should be noted that a light signal with a TM polarization will not transfer in a TE 
specific waveguide, whereas, a fight signal with a TE polarization may partially transfer in a 
TM specific waveguide. In either case, there is very inefficient or no transfer of signal. 
Furthermore, the TM specific waveguide generally has larger coupler lengths that TE specific 
waveguide. This means that in order to design a waveguide that favors a particular 
polarization, the waveguide must satisfy a certain combination of waveguide width, gap size 
and coupler length simultaneously. 

The relationship between gap width g and coupler length L is depicted in FIG. 5, in 
which two families of curves representing both TE and TM values for different waveguide 
widths w are plotted as a function of gap width g (for a gap refractive index n g approximately 
equal to 1.0). A shaded band S represents the range of waveguide widths w of .25 um to .35 
um. In this range of w, the coupler lengths are approximately the same for both TE and TM 
light polarized signals for all gap sizes. In particular, FIG. 5 shows that TE and TM curves 
for w = 0.3 um cross at a point where the gap size is approximately 0.2 um. This means that 
polarization independence occurs where w = 0.3 um and g = 0.2 um. 
RATIO OF INDICES OF REFR ACTJOK! 

The ratio of the index of refraction inside the waveguide n wg to the index of 
refraction inside the gap n g is preferably greater than 1.5. Stated simply: 

n wg /n g >1.5 (3) 
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The relatively large difference in the indices of refraction provides strong confinement 
of a light signal inside the respective waveguides 60, 90, and within the resonators 70, 80. 
COUPLING FACTOR 

The coupling factor is the indicator of the performance of an optical device. The 
parameters discussed herein have an impact on the coupling factor. When discussing 
coupling of an optical signal, the term "coupling factor" is used to indicate what percentage of 
the signal, assuming no losses, is coupled (i.e., transferred) between waveguides, for example. 
Thus, by varying one or more parameters, a desired coupling factor can be obtained. 
Specifically, coupling factor is calculated by finding a theoretical coupling length (L c ) for a 

specific design at which 100% of the light signal theoretically passes from one waveguide to 
the other, assuming no losses. The theoretical coupling length may be calculated as follows: 


where, N s . is an effective index of refraction for the symmetric mode of the coupled 
waveguides; and N A is an effective index of refraction for the asymmetric mode of the 
coupled waveguides. 

To achieve a theoretical complete transfer in an optical device, the theoretical 
coupling length L c is solved for (using equation 4, for example), and the coupler lengths of 

first and second waveguides (from and to which the signal is coupled) are set equal to that 
calculated value. 

The coupling factor (F c ) can be calculated as follows: 


where L is the actual coupler length for which the coupling factor is being calculated. 


(4) 


F c = sin 2 [>L/(2Z)] 


(5) 
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Thus, the coupling factor is a function of the actual coupler length L and the 

theoretical coupling length L,. Theoretically, the coupling factor equals 1.0 where L = - 

c 

however, a coupling factor of 1.0 cannot be actually achieved because of losses. It should 
also be noted that the coupling factor can be less than one, both at lengths greater than and 
less than the theoretical coupling length. 

The resonators of the present invention 70, 80 serve as a wavelength filter that 
separates out the desired wavelength (i.e., the on-resonance wavelengths) from the WDM 
optical signal. The resonance condition is satisfied when the round-trip length of the 
resonator is equal to an integer multiple of the optical wavelength in the waveguide medium. 
The resonance wavelengths (A 0 ) for the resonators 70, 80 may be determined by the 
following equation: 

L rt n c ff = mX 0 (6) 
where is the round-trip length of the resonator 70, 80, n^is the effective index of the 
resonator waveguide, and m is the order of resonance. Because n^is different for TE and 
TM, it is necessary to use a different value of 1^ or to use a different (m) in order to make X 0 
the same for both TE and TM. Those conditions may be represented by equation (7): 

Lj-E n TE L m n m 
m TE ~ m TM ( ? ) 

If the order of resonance m is fixed to be the same for both resonators, then the 
required difference in Lrt is given by the following equation: 

ALn Afleff 

Lr = lleff ^> 

where An e jr= nm-riTE is the difference in the effective indices for TE and TM. The small 
difference in Lr, will give rise to only a small difference in the free spectral range. 
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The resonators 70, 80 preferably have substantially the same transfer characteristics 
for both TE and TM polarization modes. The shape of the filter response of the resonator is 
determined primarily by peak value and the linewidth, both of which depend on the coupling 
factor and the round trip loss. The power transmission signal T and reflection signal R (see, 
5 e.g., FIG. 2) are given by the following equations: 

T _ (l-R.Xl-R^A 

(1 - VR t R 2 ^) 2 + 4VR,R 2 ^ sin 2 {%) 

(VR7 - VrTA) 2 + 4VR,R 2 Asin 2 (%) 
R " (l-^R^A) 2 + 4^11, Asm 2 (%) (10) 

where A = exp(-aLrt), and 8 = (2tt I X)rieffL rr Ri and R 2 , are the reflection coefficients at the 
waveguide resonator coupling points (i.e., along the coupling lengths), related to the coupling 
10 factors Fci and F C 2 by R* = 1 - F C i (i = 1,2). It is desirable to make R = 0 at resonance (i.e., 

when sin 2 (P/^) = °) • This requires that the following relationships be satisfied: 

or Ri=R 2 A 2 
or (l-F C i) = (l-Fc2)A 2 
15 or e - FC1 =e- FC V 2aIJt 

or Fci « Fc2 + 2aLrt 
At resonance, the maximum transmission is given by the following equation: 

Tmax = — — e~ n (11) 

Thus, in order for the two resonators (i.e., the TE and TM filters) to have the same 
20 peak transmission (which is a requirement for a polarization independent filter), the loss and 
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the two coupling factors (F C1 and F C2 ) must be equal for both TE and TM. the requirement 
for polarization insensitivity is that the loss and the two coupling coefficients be equal for TE 
andTM. 

hi operation, and with reference first to FIG. 2, the channel-dropping filter 150 of the 
present invention receives a multi-wavelength optical signal from an optical source 100 that is 
guided by input waveguide 60. That signal includes a wavelength to which the resonators 70, 
80 are tuned, e.g., 1550 nm. That optical signal may also include both TE and TM 
polarization modes. As the signal propagates past the first resonator 70, part of the optical 
signal is evanescently coupled to the first resonator 70. The off-resonance wavelengths 
destructively interfere within the resonator 70 and thus eventually attenuate. Only the on- 
resonance wavelength constructively interferes and couples out of the resonator 70 into the 
output waveguide 90. In addition, only one of the modes of the optical signal is coupled from 
the input waveguide 60 to the resonator 70 and to the output waveguide 90, depending upon 
the width of the input waveguide 70 and resonator waveguide. Similarly, part of the optical 
signal is coupled to the second resonator 80, where the on-resonance wavelength and the 
other mode couple to the output waveguide 90, where they recombine with the signal coupled 
from the first resonator 70 and are output from the filter 150. Thus, both polarization modes 
of an optical signal having a predetermined wavelength may be coupled from the WDM 
optical signal and redirected or re-routed to a desired destination. 

A plurality of tuned resonators may be used to construct alxN channel-dropping 
filter 250 as depicted in FIG. 3. The resonators 70, 80 and 170, 180 are provided in pairs, 
each pair being tuned to a particular wavelength and including one resonator tuned to TE 
mode polarization and the other tuned to TM mode polarization. A plurality (i.e„ N) of 
output waveguides 90, 190 are provided to output a plurality of optical signals, each having a 
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different wavelength. Operation of the waveguides and resonators of the filter 250 of FIG. 3 
are essentially the same as described above with respect to FIG. 2. 

The resonators of the present invention may be tuned to a predetermined wavelength 
by virtue of their design and construction. Alternatively, they may be selectively tunable due 
to the presence of an electrical field or signal and due to the electro-optic effect. 

Thus, while there have been shown and described and pointed out novel features of 
the present invention as applied to preferred embodiments thereof, it will be understood that 
various omissions and substitutions and changes in the form and details of the disclosed 
invention may be made by those skilled in the art without departing from the spirit of the 
invention. It is the intention, therefore, to be limited only as indicated by the scope of the 
claims appended hereto. 

It is also to be understood that the following claims are intended to cover all of the 
generic and specific features of the invention herein described and all statements of the scope 
of the invention which, as a matter of language, might be said to fall therebetween. 
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CLAIMS 

What is claimed is: 

1. A polarization independent optical filter for receiving from an optical 
source a polarized wavelength-division multiplexed (WDM) optical signal having a 
plurality of wavelengths and defining random first and second polarizations, said filter 
comprising: 

an input waveguide having a first width and a second width and for 
receiving the polarized WDM optical signal; 

an output waveguide for outputting from said filter a polarized optical 
signal having a predetermined wavelength that is one of the plurality of wavelengths 
of the WDM optical signal and having the first and second polarizations; 

a first filtering element, tuned to said predetermined wavelength and 
one of the first and second polarizations and optically coupled to said input waveguide 
and separated therefrom by a gap for optically coupling from said input waveguide a 
part of the optical signal having one of the predetermined wavelengths and one of the 
first and second polarizations; 

a second filtering element, tuned to said predetermined wavelength and 
the other one of the first and second polarizations and optically coupled to said input 
waveguide, and separated therefrom by said gap, for optically coupling from said 
input waveguide another part of the optical signal having the predetermined 
wavelength and the other one of the first and second polarizations; 

said first and said second filtering elements respectively coupling said 
part and said another part of the optical signal at said predetermined wavelength to 
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said output waveguide which outputs from said filter an optical signal at said 
predetermined wavelength and having the first and second polarizations. 


2. A polarization independent optical filter as recited by claim 1, wherein 
the first polarization is transverse magnetic and wherein the second polarization is 
transverse electric. 

3. A polarization independent optical filter as recited by claim 2, wherein 
said first filtering element comprises a first filtering waveguide having a width greater 
than .35 jjm and is tuned to the first polarization, and wherein said input waveguide 
first width is greater than .35 jum and located proximate said first filtering waveguide, 
and wherein said second filtering element comprises a second filtering waveguide 
having a width less than .25 jxm and is tuned to the second polarization, and wherein 
said input waveguide second width is less than .25 |nm and is located proximate said 
second filtering element. 

4. A polarization independent optical filter as recited by claim I, wherein 
said gap is less than approximately 0.5 |am. 

5. A polarization independent optical filter as recited by claim 4, wherein 
said input and said output waveguides and said first and said second filtering elements 
have respective widths of less than approximately 1.0 jim. 
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6. A polarization independent optical filter as recited by claim 5, wherein, 
the first polarization is transverse magnetic and wherein the second polarization is 
transverse electric, and wherein said first filtering element comprises a first filtering 
waveguide having a width greater than .35 jim and is timed to the first polarization, , 
and wherein said input waveguide first width is greater than .35 jam and located 
proximate said first filtering waveguide, and wherein said second filtering element 
comprises a second filtering waveguide having a width less than .25 and is tuned 
to the second polarization, and wherein said input waveguide second width is less than 
.25 fxm and is located proximate said second filtering element. 


7. A polarization independent optical filter as recited by claim 1, wherein 
said first and second filtering elements each comprise a micro-ring resonator. 

8. A polarization independent optical filter as recited by claim 1, wherein 
each of said first and second filtering elements includes a substantially straight 
coupling section defining respective coupler lengths between said first and second 
filtering elements and said input and output waveguides. 


9. A polarization independent optical filter as recited by claim 8, wherein 
each of said first and second filtering elements has substantially the same coupler 
length of less than approximately 50 jxm. 
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10. A polarization independent optical filter as recited by claim 1, wherein 
said first and second filtering elements have the same transfer characteristics for TE 
and TM polarization modes. 

11. A multi-stage polarization independent optical filter for receiving from 
an optical source a randomly polarized wavelength-division multiplexed (WDM) 
optical signal having a plurality of wavelengths and defining first and second 
polarizations, said filter comprising: 

an input waveguide having a first width and a second width and for 
receiving the polarized WDM optical signal; 

a plurality of filtering elements each comprising: 

an output waveguide for separately outputting from said filter a 
polarized optical signal having a first predetermined wavelength that is one of the 
plurality of wavelengths of the WDM optical signal and having the first and second 
polarizations; 

a first resonator, tuned to said first predetermined wavelength 
and one of the first and second polarizations and optically coupled to said input 
waveguide, and separated therefrom by a gap, for optically coupling from said input 
waveguide a part of the optical signal having the predetermined wavelength and one 
of the first and second polarizations; and 

a second resonator, tuned to said first predetermined 
wavelength and the other one of the first and second polarizations and optically 
coupled to said input waveguide, and separated therefrom by said gap, for optically 
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coupling from said input waveguide another part of the optical signal having the 
predetermined wavelength and the other one of the first and second polarizations; 

said first and said second resonators respectively coupling said 
part and said another part of the optical signal at said first predetermined wavelength 
to said output waveguide which outputs from said filter an optical signal at said first 
predetermined wavelength and having the first and second polarizations. 


12. A polarization independent optical filter as recited by claim 11, 
wherein the first polarization if transverse magnetic and wherein the second 
polarization is transverse electric. 


13. A polarization independent optical filter as recited by claim 12, 
wherein each said first resonator comprises a first resonator waveguide having a width 
greater than .35 um and is tuned to the first polarization, and wherein said input 
waveguide first width is greater than .35 urn and located proximate each said first 
resonator and wherein each said second resonator comprises a second resonator 
waveguide having a width less than .25 um and is tuned to the second polarization, 
and wherein said input waveguide second width is less than .25 um and is located 
proximate each said second resonator. 

14. A polarization independent optical filter as recited by claim 11, 
wherein said gap is less than approximately 0.5 um. 
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15. A polarization independent optical filter as recited by claim 14, 
wherein each of said input and said output waveguides and each of said first and said 
second resonators have respective widths of less than approximately 1.0 |am. 

16. A polarization independent optical filter as recited by claim 15, 
wherein the first polarization if transverse magnetic and wherein the second 
polarization is transverse electric, and wherein each said first resonator comprises a 
first resonator waveguide having a width greater than 35 jam and is tuned to the first 
polarization, and wherein said input waveguide first width is greater than .35 jj,m and 
located proximate each said first resonator, and wherein each said second resonator 
comprises a second resonator waveguide having a width less than .25 \x m and is tuned 
to the second polarization, and wherein said input waveguide second width is less than 
.25 fxm and is located proximate each said second resonator. 

17. A polarization independent optical filter as recited by claim 11, 
wherein each of said first and second resonators each comprise a micro-ring resonator. 

18. A polarization independent optical filter as recited by claim 17, 
wherein each of said first and second resonators includes a substantially straight 
coupling section defining respective coupler lengths between each of said first and 
second resonators and each of said respective input and output waveguides. 
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19. A polarization independent optical filter as recited by claim 18, 
wherein each of said first and second resonators has substantially the same coupler 
length of less than approximately 50 (xm. 


20. A polarization independent optical filter as recited by claim 11, 
wherein said first and second resonators have the same transfer characteristics for TE 
and TM polarization modes. 
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